Background: This study aims to synthesis a series of (E)-N-(substituted benzylidene)-9-ethyl-9H-carbazole-3-amines, using solvent-free fly-ash:perchloric acid catalyst under microwave irradiation. To then characterize them using analytical, physical and spectroscopic data. Methods: Solvent-free microwave assisted (E)imines were adopted for the synthesis of (E )-N-(substituted benzylidene)-9-ethyl-9H-carbazole-3-amine, using fly-ash:perchloric acid as a catalyst. They were characterized by IR, NMR and mass spectroscopic data. The IR and NMR spectral data was correlated with substituent constants, F and R parameters using Hammett equation to study the effect of the substituents. Results: The yield of the synthesized imines were more than 75%. The spectral data of these (E )-N-(substituted benzylidene)-9-ethyl-9H-carbazole-3-amines had been correlated using single and multi-regression analysis. These gave a satisfactory or fair degree of correlation, with some parameters. Conclusion: Easy handling, non-hazardous and an environmentally safe method had been adopted for the synthesis of (E)-imines, using fly-ash:perchloric acid as catalyst, with better yields. Some of the Hammett spectral correlations were found to be satisfactory with the observed spectroscopic data.
INTRODUCTION
Schiff's bases or azomethine are prepared by condensation of carbonyl compounds with primary amines. The formation of a carbon-nitrogen double bond represents an interesting class of organic compounds and plays an important role in the research of chemistry and biochemistry, due to their biological activities.
1,2 Many Schiff's bases are known to be medicinally important and are used to design medicinal compounds.
3 E-imine derivatives possess multipronged biological activities such as antimicrobial, 4 anticancer, 5 antiplasmodic-antihyponic, 6 antitubularcula, 7 nematicidal, 8 anti-inflammatory, 9 anti-TB activity 10, 11 and lipoxygenase. 12 The E-imines moieties (-CH ¼ N-) are an important intermediate and versatile as a starting material for the synthesis of chiral amines, 13 pyrimidine derivatives, phenyl hydrazones, indoles, quinoxalines, imidazoles by hydrogenation, 14 with organometallic, 15 and addition reaction. 16 Carbazole and their derivatives posses strong potent biological activities such as anti-inflammatory analgesic, 17 antibiotic, 18 insecticidal, 19 fungicidal, bactericidal, tripanocidal, 20 larvicidal, 21 diuretic, 22 anticonvulsant, anti-allergic and neuroleptic. 23 Many reagents were used for synthesis of optically active E-imines 24 , such as Lewis acids molecular sieves in ionic liquids, infrared, 25 ultrasound radiation 26 and fly-ash:H 2 SO 4 27 under microwave irradiation. Physical organic chemists and researcher studies have shown the spectral correlations of these frequencies with Hammett substituent constants, F and R parameters. Therefore, the authors have taken efforts to synthesized some (E)-N-(substituted benzylidene)-9-ethyl-9H-carbazole-3-amines using fly-ash:H 3 PO 4 catalyzed condensation of 3-amine-9-ethylcarbazole with substituted benzaldehydes.
These synthesized Schiff's bases have been characterized by their analytical, physical constant and spectroscopic data. The spectral data of these imines have been utilized for studying the quantitative structure-active-relationships through Hammett correlation. The biological activities of these imine derivatives have been studied using the Bauer-Kirby 28 method.
METHODS
All chemicals were purchased from Sigma-Aldrich Chemicals Pvt. Ltd. Melting points of all imines have been determined in open glass capillaries on Suntex melting point apparatus and are uncorrected. Infrared spectra (KBr, 4000-400 cm 21 ) have been recorded on AVATAR-300 Fourier transform spectrophotometer. Bruker AV400 NMR spectrometer, operating at 400 MHz, has been utilized for recording 1 H NMR spectra and 100 MHz for 13 C NMR spectra in CDCl 3 solvent, using TMS as internal standard. Mass spectra were recorded with a VARIAN-SATURN 2200 GC-MS spectrometer (Varian Medical Systems, Palo Alto-CA, USA), using the chemical ionization technique.
SYNTHESIS OF IMINE
A mixture containing aryl amine (0.1 mmol), aromatic aldehyde (0.1 mmol) and fly-ash:perchloric acid (0.5 g) was mixed and irradiated in a microwave oven for 120 s at 450 W (monitored by TLC). After completion of the reaction, the reaction mixture was extracted with ethyl acetate. The catalyst was removed by filtration. The filtrate was evaporated and recrystallized in ethanol.
SPECTRAL DATA (E)-N-Benzylidene-9-ethyl-9H-carbazole-3-amine (entry 11 
ANTIBACTERIAL ACTIVITY ASSAY
In the present study, antimicrobial activities of synthesized imines (entries 11 -22) against their respective microbes, such as bacterial and fungal strains were studied. The antibacterial assays were performed using the Kirby-Bauer 28 disc diffusion technique. In each petri dish 0.5 mL of the test bacterial sample was spread uniformly over the solidified Mueller-Hinton agar using a sterile glass spreader. The 5 mm diameter disc, made from Whatman No. 1 filter paper, was impregnated with the solution of the compound and placed on the medium using sterile instruments. The plates incubated for 24 h at 378C by keeping the plates upside down to prevent the collection of water droplets over the medium. After 24 h, the plates were visually examined and the diameters of the zone of inhibition were measured. Triplicate results have been recorded by repeating the same procedure.
ANTIFUNGAL SENSITIVITY ASSAY Antifungal sensitivity assay was performed using Kirby-Bauer 28 disc diffusion technique. Potato dextrose agar (PDA) medium was prepared and sterilized as above. It was poured (ear bearing heating condition) in the petri dish already filled with 1 mL of the fungal species. The plate was rotated clockwise and counter clockwise for uniform spreading of the species. The discs were impregnated with the test solution. The solution was prepared by dissolving 15 mg of imines in 1 mL of DMSO solvent. The medium was allowed to solidify and kept for 24 h. The plates were visually examined and the diameter values of zone of inhibition measured. Triplicate results were recorded by repeating the same procedure.
RESULTS AND DISCUSSION
Attempts have been made to synthesize substituted (E)-imine derivatives by oxidative coupling of aryl amine and various benzaldehydes, containing electron-withdrawing as well as electron-donating groups substituents, in the presence of acidic catalyst fly-ash:perchloric acid catalyst under microwave irradiation. Hence, we have synthesized the substituted imine derivatives by the oxidative coupling of 2 mmol of (3-amino-9-ethylcarbazole)aryl amine, 2 mmol substituted benzaldehyde under microwave irradiation, with 0.5 g of fly-ash:perchloric acid catalyst, at 450 W for 6-8 min (Scheme 1). During the course of this reaction, fly-ash:perchloric acid catalyst oxidative coupling between aryl amines and benzaldehyde and the elimination of water, followed by loss of protons, gave the imines. The yields of Scheme 1. Synthesis of (E)-N-(substituted benzylidene)-9-ethyl-9H-carbazole-3-amine.
the imines in this reaction are more than 75%. The proposed general mechanism of this reaction is given in Scheme 2. The physical constants and yields are presented in Table 1 .
The synthesis of imine derivatives are shown in Scheme 1. The spectral linearity of synthesized imines has been studied by evaluating the substituent effect on the group frequency such as n CvN (cm 21 ), the proton chemical shifts (d, ppm) of CH and carbon chemical shift of CvN, C ipso have been correlated with Hammett substituent constants F and R parameters using single and multi-linear regression analysis.
IR SPECTRAL STUDY
The recorded infrared n CvN stretching frequencies (cm 21 ) of the synthesized imines (entries 11 -22) are presented in Table 2 . This data was correlated 29 -31 with Hammett substituent constants F and R and Table 1 . Analytical, physical constants and yields of (E)-N-(substituted benzylidene)-9-ethyl-9H-carbazole-3-amines, synthesized by fly-ash:perchloric acid catalyzed solvent-free condensation aryl amine and substituted aldehyde reaction under microwave irradiation. Scheme 2. The proposed mechanism for the synthesis of (E)-N-(substituted benzylidene)-9-ethyl-9H-carbazole-3-amine by fly-ash:perchloric acid catalyst under microwave irradiation.
Swain-Lupton's 32 parameters. In this regression analysis the structure parameter correlation Hammett equation have been employed, as shown in equation (1) .
where n 0 is the frequency for the parents member of the series. The observed n CvN stretching frequency (cm 21 ) of the imine derivatives were correlated with various Hammett substituent constants F and R parameters through the single and multi-regression analysis including Swain-Lupton's 32 parameters. The statistical analysis of single parameter correlations are shown in Table 3 . The correlation of n CvN (cm 21 ) frequencies of imines with Hammett s R substituent constants and R parameters are found to have failed, with positive r values. This implies a normal substituent effect operation in all correlations. The resonance conjugative structure of the imines is shown in Figure 1 . Some of the single parameters correlation of n CvN (cm 21 ) frequencies with Hammett substituent constant fail in correlation, while seeking the multilinear correlation. These frequencies correlated satisfactorily with inductive, resonance and Swain-Lupton's 32 . Constants, and correlated equations are given in (2) -(4). Table 3 . The proton chemical shifts (d, ppm) with Hammett s, s þ , s I constant and R parameters gave a Table 3 . Results of statistical analysis of IR (n, cm failed correlation, along with positive r values. This shows that the normal substituent effect operates in all systems. The failure in correlation is attributed to the conjugative structure shown in Figure 1 .
In view of the inability of the Hammett s constants to produce individually satisfactory correlation with the imine proton chemical shifts (d, ppm). It is worthwhile seeking multiple correlations involving either s I and s R constants (or) Swain-Luptons 32 , F and R parameters. The correlation equations for CH proton chemical shifts (d, ppm) are given in equations (6)- (8). Table 2 . Attempts have been made to correlate these chemical shifts (d, ppm) with Hammett substituent constants, field and resonance parameters, with the help of single and multi-regression analysis to study the reactivity through the effect of substituents.
The chemical shifts (d, ppm) observed for the d CvN have been correlated with Hammett constants and the results of statistical analysis are presented in Table 3 . The d CvN chemical shifts (d, ppm) gave satisfactory correlation with Hammett s constants F and R parameters, along with negative r values, excluding 2-F, 4-OMe substituent. The chemical shift observed by ipso carbon gave poor correlation with Hammett s constants, F and R parameters. This is due to the reason stated earlier, with resonance conjugative structure as shown in Figure 1 . In view of inability of some of the s constant to produced individually satisfactory correlation. The authors think that it is worthwhile to seek multiple correlation involving all s I , s R , F and R parameters 32 . This is given in the following correlation equations (9)- (14) . 
ANTIFUNGAL SENSITIVITY ASSAY
The antifungal activities of substituent imines synthesized in the present study are shown in Figure 4 and the zone of inhibition values of the effect are given in Table 5 . The clustered column chart shown in Figure 5 . 
CONCLUSION
A series aryl imines have been synthesized by microwave-assisted fly-ash:perchloric acid catalyzed solvent-free aryl amine and substituted benzaldehyde. The yields of the synthesized imines are more than 75%. These imines were characterized by their physical constants and spectral data. The IR, NMR spectral data of these imines have been correlated with Hammett substituent constant F and R parameters. 
